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@ Zinc-bromine battery.

@ A zinc-bromine battery includes cathode and anode
reaction tanks separated from each other by a separator
membrane for preventing self-discharge, and an elctrolyte
storage tank for storing an electrolyte with a bromine
complexing agent added thereto. Catholyte and anolyte are
circulated between the cathode reaction tank and the anode
reaction tank, respectively, and the electrolyte storage tank.
A perforated membrane which allows an elctrolyte permeate
through it but which impedes the permeation of 2 bromine
complex compound is provided within the electrolyte stor-
age tank so as to separate the tank into an electrolyte mixing
chamber irto *vhich both catholyte and anolyte flow and an
electrolyte supply chamber which resupplies the mixed
electrode as the catholyte and the anolyte. When the
catholyte and anolyte are mixed with each other in the
electrolyte storage tank, the zinc ion concentration is equal-
ized as between the catholyle and anolyte, so that the zinc
ions contained in the electrolyte are effectively utilized
during charge, thereby improving the charging capacity and
efficiency.
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TITLE OF THE INVENTION

ZINC-BROMINE BATTERY

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a zinc-bromine battery, and
more particularly, to improvements of an electrolyte circu-

lation type zinc-bromine battery having electrolyte storage

tanks.

Description of the Prior Art

A zinc-bromine battery is known as a new type of
battery. The following fundamental electrochemical
reactions take place in a reaction tank provided with an
‘anode and a cathode of a zinc-- bromine -battery.-——- -—— e o~ -
The reaction at the cathode is:
2Br Z:zBrz + 2e
The reaction at the anode is:
zn®t + 2e” 2;2 Zn
oo (1)

The cell reaction is:

charge
2+

zn“’ + 2Br {___; Zn + Br,

discharge

As is clear from the reaction formulae, zinc Zn is

deposited during charge and bromine Br, which dissolves into
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the electrolyte is produced at the cathode. On the other

hand, during discharge the zinc Zn deposited onto the

2+

anode is oxidized to Zn“” and dissolves into the

electrolyte, while the bromine Br. in the electrolyte is

2
reduced to bromine ion 2Br  and dissolves into the
electrolyte.

In such a zinc—bromine battery, the concentration of the
bromine Br, ig the electrolyte which is produced during

charge increases as the charging time passes, and the

bromine Br. gradually diffuses toward the anode-. The

2
bromine Br, reacts with the zinc 2Zn at the anode. and
becomes zinc ion Zn?' and bromine ion Brf, thereby occuring.
self-discharge. The zinc-bromine battery is therefore
provided with a separator membrane which zinc ion Zn2+ and
bromine ion Br can permeate but which impedes the

permeation of bromine Br., in order to separate the reaction

2
tank into anode and cathode reaction tanks, thereby
preventing bromine Br, from diffusing from the catﬁode side
the anode side.

Furthermore, in order to prevent diffusion of the
bromine Brz, a complexing agent is added to the electrolyte
of the zinc-bromine battery, so that the bromine Br2
dissolved into the electrolyte on the cathode side is
converted into a complex compound which is insoluble in the

electrolyte, and is deposited and precipitated in the form

of 0il in the electrolyte.
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Fig. 3 shows a conventional zinc-bromine battery
produced on the basis of the above-described principle. 1In
this battery, a cathode 12 and ananode 14 are provided
within a reaction tank 10, one on each side thereof, whereby
the electrochemical reactions indiéated by the formulae (1)
take place between the cathode 12 and anode 14 through
electrolytes 16.

In such a zinc-bromine battery, zinc-bromide (ZnBrz)
agueous solution is used as the electrolyte 16, and an
electric conductance improver, a bromine complexing agent, a
dendrite inhibiter and the like are added thereto as

occasion demands. .

During charge, the charging reaction shown in the
formulaé (1) také; piace in the reégtion tank 10, and
bromine Br2 is generated on the cathode side 12 and dissolves
into the electrolyte 16, while on the anode side 14 zinc
zZn is deposited.and a precipitation chamber 18 is formed on
the anode 14.

On the other hand, the reaction which is reverse to the
charging reaction takes place during discharge. Bromine Br2
is reduced to bromine ion 2Br on the cathode side 12 and
dissolves into the electrolyte 16, while on the anode side
14 the zinc precipitation chamber 18 is oxidized to zinc ion

Zn2+, and dissolves into the electrolyte 16.
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The reaction tank 10 in which these electrochemical
reactions take place is provided with a separator membrane
20 which divides the interior of the tank into a cathode
reaction tank 10a and ananoée reaction tank 10b so as to
prevent any occurrence of self-discharge caused by the
bromine Br2 thch is produced during charge.

The separator membrane allows the electrolyte 16 to
permeate therethorugh but impedes the permeation of the

bromine Br. which is in solution in the electrolyte 16, so

2
as to prevent any occurrence of self-discharge. An
ion-exchange membrane or a microporous membrane is aenerally
used as the separator membrane 20, but a microporous membrane
is more preferable from the viewpoint of reducing the inner
fésistance.ofuzﬁe Batﬁery; o o o o

In an electrolyte circulation type battery, an cathode
electrolyte storage tank 22 and ananode electrolyte
storage tank 24 are provided in order to store the energy
obtained by the electrolysis reaction during charge.

Pipes 26 and 28 provided between the cathode electrolyte
storage tank 22 and the cathode reaction tank 10a constitute
an electrolyte circulation passage, and a pump 30 provided
in the circulation passage delivers the cathode electrolyte
16a which has reacted in the cathode reaction tank 10a to the

storage tank 22, and supplies new electrolyte 16a from the

storage tank 22 to the reaction tank 10a.
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Since a bromine complexing agent is added to the
electrolyte 16a, the bromine Br, generated duriné the charge
is . complexed, and is deposited as a complex compound which
is insoluble in the electrolyte 16. This complex compound
is’subsequently precipitated and stored at the bottom of the
storage tank 22 as a complex compound storing chamber 32, as
is shown in the battery of Fig. 3.

' The complex compound storing chamber 32 is connected to

the pipe 28 by a complex compound supply pipe 36 having a

valve 34. This valve 34 delivers the complex compound which

has precipitated in the complex compound storing chémber 32 to
tﬁe reaction tank 1l10a through the - pipe 28 fér the purpose of
discharge. )

Similarly, pipes 38 and 40 provided between the
anolyte storage tank 24 and the anode reaction tank
10b constitute an electrolyte circulation passage, and a
pump 42 provided in the circulation passage delivers the

anolyte 16b which has reacted in the anode

~reaction tank 10b to the storage tank 24, and supplies new

electrolyte 16b from the storage tank 24 to the reaction
tank 10b.

' In this way, this zinc-bromine battery can adequately
store the electrolyte 16 in the stofage tanks 22 and 24,
cause the charging reaction shown in the formulae (1) in tth

stored electrolyte 16 during charge, store the bromine
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complex compound in the complex compound storing chamber 32,
and form the zinc precipitation chamber 18 on the anode 14,
thereby storing electric power. During discharge, on the
other hand, the zinc~bromine battery can deliver the bromine
complex compound stored in the complex compound storing
chamber 32 to the cathode reaction tank 10a, and cause the
discharge reaction shown in the formulae (1)} between the

complex compound and the zinc precipitation chamber 18 formed

on the anode 14, thereby emitting the charged electric - Y EEE

power.

Although a conventional zinc-bromine battery is capable
of efficient chargiﬁg and discharging in this way, it has
the following problems which remain_uhsolved.v

This kind of conventional zinc-bromine battery is
completely divided into the cathode side and the anode side,
and the catholyte 16a-and the anolvte
16b are mixed with each other solely by permeation through
the separator membrane 20. Since the separator membrane 20
has a predetermined resistance when the electrolyte 16
permeates it, it is impossible to store electric power by
efficiently utilizing the zinc ion zn?t which is contained
in the catholyte during charge. It is also-

e impossible to effectively utilize the complexing agent

contained in the anclyte 16b when a bromine -
LY complexing agent is contained in the electrolyte 16.
N
.. - 6 -
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Fig. 4 shows the change in zinc ion concentration of the
catholyte 16a and the anolyte 16b during
charge.

As is obvious from the above-described reaction formu-
1ae,’during charge the zinc ions Zn2+ are attracted to the
anode 14 and zinc Zn is deposited.

At this time, since the cathode side is separated from the
anode side by the separator membrane 20, it is much more
difficult for the zinc ions Zn2+ in the catholvte
l6a to move toward the anode 14 than the zinc ions in the
anolyte 16b. Therefore, since the zinc ions in
the anolyte 16b are consumed sooner than the
zinc ions zn®* in the catholyte 16a and charging is
completed at that point, it is impossible to perform
charging by adequately utilizing the zinc ions contained in
the catholyte 16a.

In particular, when a salt halogenide such as KCl 1is
added to the electrolyte 16 as an auxiliary electrolyte, or
when an electrolyte of high concentration (more than 3 Mol/L
ZnBrz) isrused in order to improve the electric conductance
of the electrolyte 16, the difference in concentration of
the electrblytes l16a and 16b becomes greater. Consequently,
at the last stage of charge, the zinc ions contained in the
anolyte 16b are reduced to an extreme extent in

comparison with those of the catholyte 16a, and the

B N A T VI S o 3
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utilization ratio of the zinc ions contained in the
electrolyte 16 is further lowered.

Fig. 5 shows the zinc ion concentration when KCl is
added to the electrolyte 16. As is clear from the graph,
the difference in concentration of the zinc ions contained
in the electrolytes 16a and 16b is greater in this case than
the difference shown in Fig. 4, and it will be understood
that the utilization ratio of the zinc ions is thefeby
further loweréd.

Thié is because the KCl added to the'electrolyte 16 in
this way reacts with the zinc ion Zn2+ and becomes
(ZnCl4)2—, so that some of the zinc ions which should
intrinsically be plus become minus ions and are attracted
towa%d.£5e-éa£hode side, tﬁereby substantially iowe%ing ther
concentration of the zinc ions contained in the electrolyte
16b.

In addition, the bromine ﬁ?z produced in the
catholyte 16a during charge reacts with the bromine
complexing agent and a bromine complex compound is formed.
With the increase in amount of bromine complex compound, the
concentration of the complexing agent contained in the "
catholyte 16a is lowered.

However, the utilization ratio of the bromine complexing

agent contained in the anolyte 16b is low for a

similar reason to that in the case of the zinc ions

2
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described above, and there has been a demand for effective
countermeasures.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a zinc-bromine battery which is capable of reducing
the difference in zinc ion concentration as between the
catholyte and the anolyte, improving the
utilization ratio of the zinc ions cont&ined in the
electrolyte, and increasing the charged electric energy.

To achieve this aim, a zinc-bromine battery according to
the present invention is coﬁposéd of an anode reaction tank
and a cathode réaction tank_wﬁichrare separated from each
othei by a separator membrane for preventing seif-discharge;
and an electrolyte storage tank for storing an electrolyte
with a bromine complexing agent added thereto; whreein an
catholyte and a anolyte are circulated
independently between the electrolyte storage tank and the
respective reaction tanks.

The present invention is cﬁaraéterized in that the
catholytes and anolytes are mixed in the sforage tank for
the purpose of removing any difference in zinc ion
concentration.

The method of mixing the electrolytes according to the

present invention includes a first method in which the
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electrolyte is resupplied as the catholyte
and the anolyte, and thereby the bromine complex com-

pound contained in the catholyte is precipitated and

- stored in the electrolyte mixing chamber.

A supply pipe is provided between the complex compound
storing chamber and a passage for the catholyte
supplied from the electrolyte supply chamber.

The above-described structure of a zinc-bromine battery
according to the present invention enables the
catholyte and the anolyte which have finished
a predetermined eleétrdchemical reaction in the respective
reaction tank to be stirred with each other and the stirred
elect;olytes to be resupplied as the catholyte
and the anolyte to the resvective reaction tanks.

The bromine generated.on the cathode side during charge is
compléxed by the complexing égent, and this complex compound
flows into the electrolyte mixing chamber of the electrolyte
storage tank together with the anolyte.

However, the complex compound which has flowed into fhe
electrolyte mixing chamber ih this way is separated from the
anolyte in the electrolyte mixiné éhambe; by the | |
perforated membrane provided in the storage tank, and is
stored in the electrolyte mixing chamber on the upstreaﬁ

side of the perforated membrane.

- 10 -
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Accordingly, no difference in concentration of zinc ions
and bromine complexing agent is seen between the
catholyte and the anolyte du;ing charge of the
zinc-bromine battery according‘éo the present invention.

Therefore, according to the present invention, it is
possible to equalize the zinc ion concentration of the
anolyte to that of the catholyte without
increasing the concentration of bromine and its complex
compound, and to enhance the charging capacity by
efficiently utiliz%ng the zinc ions contained in the
electrolytes, the#eby improving the charging efficiency.

It is also po;sible to equalize the concentration of the
complexing agent contained in the catholyte with
hat in the anolyte, and to efficiently utilize
the complexing agents contained in the electrolytes during
charge to efficiently complex the bromine generated on the

cathode side and store it in the complex compound storing

layer.

When the electric power charged in this way is dis-
charged, the complex compound stored on the upstream side of
the perforated membrane is supplied to the catholyte
through the supply pipe and the electrolyte which is mixed

with the bromine complex compound is thereby supplied to the

cathode reaction tank. Thus, it is possible to outnut the

electric pcwer from between the cathode and anode which has

- 11 -
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been charged through a predetermined discharge reaction by -
using the complex compound supplied to the cathode side in
this way and the zinc deposited on the surface of the
;node.

The above and other objects, features and advantages of
the present invention will become clear from the following
description of the preferred embodiments thereof, ﬁaken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION dF1THE DRAWINGS

Fig. 1 is an explanatory view of a first embodiment of a
zinc-bromine battery according to the present invention; A

Fig. 2 is an explanatory view of a second embodimégt éf .
‘a zinc-bromine battery according to the present inventionjlv;

Fig. 3 is an explanatory view of a conventional
zinc-bromine battery; and

Figs. 4 and 5 are charactéristic curves of the conven-

tional battery shown in Fig. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the accompanying drawings. The
same numerals are provided for those elements which are the
‘ same as those in the conventional device shown in Fig. 3,
and explanation thereof will be omitted.

First Embodiment

IO roe e Cme g
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Referring first to Fig. 1, a first embodiment of a
zinc-bromine battery according to the present invention is
shown.

Although a conventional zinc-bromine battery has two
separate electrolyte storage tanks, namely, a
catholyte storage tank and ananolyte storage
tank, this embodiment includes only one electrolyte storage
tank 50. The electrolyte storage tank 50 is divided into an
electrolyte mixing chamber 54 and an electrolyte supply
chamber 56 by aAperforated membrane 52 provided with a
multiplicity of minute holes which allows the electrolyte 16
to permeate therethrough but which impedes the permeation of
bromine and its complex compound.

The size of the minute hole which is formed on the
perforated membrane 52 is small enough to impede the per-
meation of bromine and its complex compound. For example, a
polyethylene film, a polypropylene film, or a thin film of
such kind is preferable as the perforated membrane.

The mixing chamber 54 within the electrolyte storage
tank 50 is provided with inlets 58 and 60 for receiving the
catholyte 16a delivered from the cathode_reaction tank
10a and the anolyte 16b delivered from the
anode reaction tank 10b, respectively.

On the other hand, the supply chamber 56 of the

electrolyte storage tank 50 is provided with outlets 62 and
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64 for supplying the catholyte 16a and the anolyte
16b to the cathode reaction tank 10a and the
anoae reaction tank 10b, respectively.
Thus, in this embodiméht, the catholyte 16a
and the anolyte 16b which flow from the respective
reaction tanks 10a and 10b flow into the mixing chamber 54
and are stirred therein. The stirred electrolyte 16 perme-
ates the perforated membrane 52 and flows into the
electrolyte supply chamber 56, in which it is separated B
again into the catholyte 16a and the anolyte 16b, Creen
and the electrolytes 16a and 16b are supplied from the
outlets 62 and 64 to the cathode reaction tank 10a and the
anode reaction tank 10b, respectively. S e et
The bromine complex compound contained in the
electrolyte 16a which has flowed into the mixing chamber 54
is separated when the electrolyte 16 permeates the perforag;
ed membrane 52, and precipitates at the bottom of the mixing
chamber 54 as the complex compound chamber 32. Therefore, the
electrolyte 16 which flows into the supply chamber 56
includes nc complex compound.
A complex compound supply pipe 36 is provided between
the complex compound chamber 32 which is situated on the
upstream side of the perforated membrane 52 and the pipe 28
which constitutes the passage for the catholyte

supplied from the supply chamber 56 to the cathode reaction

- 14 -
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tank 10a. The complex compound which has precipitated and
is stored in the complex compound chamber 32 is mixed into the
catholyte 16a through this supply pipe 52.

Second Embodiment

Referring next to Fié. 2 which shows a second embodiment
of the present invention, the perforated membrane 52 is so
arranged that the electrolyte 16 permeates it upwardly from
the underside thereof in the electrolyte storage tank 50.

For this purpose, the electrolyte storage chamber 50 in
this embodiment is provided with a partition wall 70 at the
central portion of the bottom surface. The partition wall
70 substantially divides the tank into two chambers with the
upper ends- thereof open. The perforated membrane 52 is
horizontally disposed between the upper end of the partition
wall and the inner wall of the electrolyte storage tank 50,
whereby the electrolyte storage tank 50 is divided into the
electrolyte mixing chamber 54 and the electrolyte supply
chamber 56.

The inlet 58 for the catholyte delivered through
the pipe 26 is provided on one side at the lower portion of
the side wall of the the electrolyte mixing chamber 54,
while the inlet 60 for the anolyte delivered
through the pipe 38 is provided on one side at the central

portion of the side wall thereof.
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The result of this arrangement is that the
catholyte 16a and the anolyte 16b flowing from
the inlets 58 and 69, respectively, flow horizontally into
the mixing chamber 54 toward the partition wall 70, and
after having been adequatel& stirred, move upwardly,
permeate the perforated membrane 52 upwardly from the
underside thereof, and flow into the supply chamber 56.

While the electrolyte 16 permeates the perforated
membrane 52 upwardly in this way, the bromine complex
compound contained in the electrolyte 16 drops under the
weight of its own gravity, and is separated by the
perforated membrane 52, the separated complex compound
appropriately precipitating toward the complex compound
laver 32. As a result, the electrolyte 16 having an
extremely low concentration of bromine complex compound
flows into the supply chamber 56.

In order to further lower the- concentration of bromine
complex compound of the anolvte 16b which is
supplied from the supply chamber 56, a guide wall 72 is
provided on the inner top wall of the supply chamber 56 in
parallel to and in opposition to the partition wall 70. The
guide wall 72 together with the partition wall 70 defines a
guide passage 74 for downwardly introducing the electrolyte

16 which contains a small amount of bromine and its complex

compound and which has permeated the perforated membrane 52.
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The outlet 62 for supplying the electrolyte to the pipe

20 on the cathode side is provided at the bottom of the supply

chamber 56 such as to communicate with the guide passage 74.

On the other hand the outlet 40 for supplying the
electrolyte to the pibewzo on the anode side is downwardly
provided at the upper portion of the supply chamber 64.

In the zinc-bromine battery according to this
embodiment, the bromine complex compound contained in the
electrolyte 16 which has flowed into the mixing chamber 54
is considerably separated when the electrolyte 16 permeates
the perforated membrane 52.

The small amount of complex compound which has permeated
the perforated membrane 52 drops under the weight of its own
gravity when the electrolyte 16 flows downwardly through
the guide passage 74, and is supplied together with the
catholyte 16a from the outlet 62 to the cathode
reaction tank 10a. The remaining complex compound which is
still contained in the electrolyte 16 drops under the weight
of its own gravity when the electrolyte 16 moves upwardly
toward the outlet 64, as is indicated with the arrows in
Fig. 2, thereby being separated from~the.e1ectrolyte 16. 1In
this way, it is possible to make the concentration of
compound complex contained in the electrolyte which flows
out as the anolyte 16b from the outlet 64 lower

than the concentration of complex compound contained in-the

- 17 -
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electrolyte immediately after the permeation through the
perforated film 52.

The above described structure of the second embodiment
solves the technical problems of the present invention and
achieves the aim thereof. -

In addition, since the catholyte and the
anolyte are completely mixed with each other in the
electrolyte mixing chamber, the complexing agent in- the
anolyte which conventionallly has hardly been
utilized at all can be efficiently utilized in this
embodiment. Accordingly it is possible to reduce the amount
of complexing agent which needs to be added.

The increase in pH of the electrolyte is caused by Hz"
gas which is generated when the electrolyzed zinc naturally
dissolves into the electrolyte, or when self-discharge is
generated, mainly on the anode side. The pH of the
ancde side shows a tendency to increase in comparison with
that of the cathode side in the orior art. In this embodi-
ment, however, since the catholyte and anolyte are
completely mixed, the rise in pH of the anolyte -
is controlled.

While there has been described what are at :resent
considered to be preferred embodiments of the Zivention, it
will be understood that various modifications :ay be made

thereto, and it is intended that the appended «laims cover

s RS M T e R e
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all such modifications as fall within the true spirit and

scope of the invention.

- 19 -
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WHAT IS CLAIMED IS:

1. In a zinc-bromine battery in wherein catholyte

and anolyte are circulated between

a cathode reaction tank and an anode reaction tank

which are separated from each other by a separator membrane
for preventing self-discharge, and

an electrolyte storage tank for storing an electrolyte
with a bromine complexing agent added thereto,

the improvement comprising a perforated membrane provid-
ed with a multiplicity of minute holes which allows
electrolyte to permeate therethrough but which impedes the
permeation of a bromine complex compound and which is
provided within said electroiyte storage tank in order to
divide the same into electrolyte mixing chamber to which
éﬁode electrolyte and cathode electrolyte flow and an
electrolyte supply chamber for resupplying the mixed elec-
trode aé said anode electrolyte and said cathode
electrolyte.
2. A zinc-bromine battery according to Claim 1, wherein a
complex compound supply pipe is provided between the bottom
of said electrolvte mixing chamber which.is to constitute a
complex compound storing chamber and a passage for said
catholyte which is supplied from said electrolyte supply

chamber.

- 20 -
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3. A zinc-bromine battery according to Claim 1, wherein
said perforated membrane is provided in said electrolyte
storage tank such that said electrolyte permeates hori-
zontally through said perforated membrane.
4. A zinc-brbmine battery according to Claims 1 and 2,
wherein said perforated membrane is formed of a polyethylene
or polypropylene film.
5. A zinc~bromine battery according to Claim l; wherein
said perforated membrane is provided in said electrolyte
storage tank such that said electrolyte permeates throﬁgh
said perforated mémbrane upwérdly frbm the underside of said
membrane.
6. A zinc-bromine battefy accordiné'to Claim 5,-whereihyar
partition wall for dividing-said electrolyte storage tank
into an electrolyte mixing chamber and an electrolyte supply
chamber with the upper portions thereof open is erected at
the central portion of the bottom of said electrolyte
storage tank and said perforated membrane is horizontally
provided between the upper end of said partition wall and
the inner wall of said electrolyte storage tank.
7. A zinc-bromine battery accordiné to Claim 5, wherein an
inlet for said catholyté flowing from the pipes on
the cathode side is provided at the lower portion of the side
surface of said electrolyte mixing chamber, and an inlet for

said anolyte flowing from the pipes on the
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anode side is provided at the central portion of said side
surface of said electrolyte miking chamber.

8. A zinc-bromine battery according to Claim 5, wherein
said electrolyte supply chamber includes:

a guide wall which is proviéed on the inner top of said
electrolyte supply chamber verticélly and in parallel to
said partition wall such that said guide wall together with
said partition wall defines a guide passage for downwardly
introducing the electrolyte which has passed through said
perforated membrane; A — |

an outlet which is proy?ﬁed oﬁ the bottom surface of
said electrolyﬁe supply chamber such as to communicate with
said guide passage and for the purpose of supplying said
catholyte to pipes on the cathode side; and

an outlet which is provided at the upper portion of said
electrolyte supply chamber for the purpose of supplying said

anolyte to said pipes on the anode- side.

- 22 -
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